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TITLE OF CASE Do not include “a case report”
Computed tomographic findings of gallbladder rupture in two dogs with gallbladder mucocele
SUMMARY Up to 150 words summarising the case presentation and outcome (this will be freely available online)
A miniature poodle and miniature schnauzer were referred for the investigation of shallow breathing and restless behaviour, and the investigation of bilious vomiting, diarrhoea, and the presence of a hepatic mass, respectively. In both cases, computed tomography revealed heterogeneous, hyperattenuating content within the gallbladder, a defect in the gallbladder wall, and leakage of biliary content into the perihepatic region compatible with gallbladder mucocele, rupture of the gallbladder, and bile peritonitis. Both dogs underwent a cholecystectomy and made uneventful recoveries. Follow-up was available for both dogs one and two months later which confirmed a return to good health. Computed tomography is a helpful aid in the pre-surgical diagnosis of gallbladder wall rupture and bile peritonitis in dogs. 
BACKGROUND Why you think this case is important – why did you write it up?
Rupture of the gallbladder occurs uncommonly in veterinary patients, and may occur secondary to trauma, cholecystitis, biliary tract obstruction, gallbladder infarction, and torsion (Center 2009, Crews and others 2009, Holt and others 2004). Leakage of bile into the peritoneal cavity is a surgical emergency, and must be speedily recognised in order to minimise the delay of surgical treatment. A gallbladder mucocele is an accumulation of green-black, mucin-laden, semi-solid to immobile bile within the lumen of the gallbladder. The formation of mucoceles in dogs is poorly understood. Progressive distension of the gallbladder lumen by inspissated bile and mucus can lead to pressure necrosis and wall rupture (Aguirre and others 2007, Center 2009, Worley and others 2004). Breeds predisposed to the development of gallbladder mucoceles include cocker spaniels, Shetland sheepdogs, and miniature schnauzers (Besso and others 2000, Aguirre and others 2007). In humans, computed tomography (CT) has a higher accuracy rate in the diagnosis of gallbladder perforation in comparison to ultrasonography (Bennett and others 2003, Kim and others 1994, Mocharla and others 1997). The clinical and ultrasonographic features of biliary mucocele and bile peritonitis in canine patients have previously been reported (Bargellini and others 2016, Worley and others 2004), however, to the authors’ knowledge, the CT features have not yet been described. 
CASE PRESENTATION Presenting features, clinical and environmental history
Case 1A 12-year-old, female neutered miniature poodle was presented to the referring veterinary service with a one-day history of diarrhoea, shallow breathing, lethargy, and restless behaviour. Physical examination and thoracic radiographs were considered within normal limits. Due to a lack of response to medical management and the progression of clinical signs over the following week, the dog was referred to the medicine department of our academic referral hospital. On presentation the dog was dull, with pale, tacky mucus membranes, and a distended abdomen. Case 2A 6-year-old, male miniature schnauzer was presented to the referring veterinary service with a five-day history of intermittent bilious vomiting, diarrhoea, and restless behaviour. On physical examination the dog had mild abdominal discomfort. Serum biochemistry revealed raised ALP (964 U/l, ref 12-83), ALT (891 U/l, ref 13-78), GGT (33 U/l, ref 6-14), total bilirubin (56 µmol/L, ref 1-16), and cholesterol (>11.64 mmol/L, ref 2.8-8.3. An abdominal ultrasound examination displayed hyperechoic material within the gallbladder. The patient was managed medically and showed initial improvement, however six days later was re-presented due to ongoing vomiting and inappetence. An exploratory laparotomy was performed which identified a hepatic mass near the gallbladder. Histopathology of the mass was consistent with a haematoma. Post-operatively the patient continued to display abdominal discomfort and was referred for further investigations. On physical examination at our academic referral hospital the dog was quiet and subdued, with a painful abdomen. 
INVESTIGATIONS If relevant
Case 1Haematology revealed a mild macrocytic anaemia (RBC 4.05 x 10e12/l, ref 5.5-8.5) with mild anisocytosis and moderate numbers of codocytes. A moderate neutrophilia (17.6 x10e9/l, ref 3.6-12) and monocytosis (2.6 x10e9/l, ref 0-1.5) were present consistent with an inflammatory response. Serum biochemistry revealed marginally reduced albumin (25.2 g/l, ref 26-35), and elevated ALT (166 U/l, ref 21-102), ALP (615 U/l, ref 20-60), and bile acids (14 µmol/l, ref 0-7). Abdominal ultrasound examination revealed an 8cm long, encapsulated, hyperechoic and heterogeneous mass within the region of the gallbladder. A smaller, ovoid, fluid-filled structure was identified craniodorsal to this mass, however a communication between the two was not detected. A moderate volume of highly echogenic free abdominal fluid was present. Ultrasound-guided abdominocentesis was performed. Cytology of the effusion revealed a nucleated cell count of 2520/µl (75% neutrophils and 25% mononuclear cells) and a protein concentration of 41.7 g/L consistent with a modified transudate. No intracellular bacteria were seen. Bilirubin concentration was not measured.For further characterisation of the mass, the dog was sedated for a thoracic and abdominal CT scan the following day using a 4-slice helical scanner (Siemens SOMATOM Volume Zoom). The dog was positioned in ventral recumbency. Images were obtained one hour post administration of iopamidol (Niopam™ 340) at an iodine dose of 340 mg/kg intravenously for a biliary excretion phase at 120 kVp, 204 mAs, 2 mm slice collimation and a collimator pitch of 1.2. A second scan was obtained one minute after administering a second dose of iopamidol at an iodine dose of 340 mg/kg intravenously for a parenchymal phase using the same parameters. Images were reconstructed using high (proprietary term B60f) and low (proprietary term B40f) frequency image reconstruction kernels for lung and soft tissue respectively. Thoracic structures were within normal limits. Small, linear, mineral-dense tracts were identified within the liver on pre and post parenchymal contrast images. Within the lumen of the gallbladder was mildly heterogeneous material, with increased density dorsally (75 HU pre and post parenchymal contrast), compatible with the mass identified on ultrasound. The denser, non-dependent content was draped over the more ventral content, consistent with contrast-enhanced bile. The gallbladder was markedly enlarged, with a breach in the cranial wall and outpouching of fluid (25 Hounsfield units [HU] pre and post parenchymal contrast) towards the region of the right medial liver lobe (Fig 1). A moderate peritoneal effusion (approximately 40 HU pre and post parenchymal contrast) was present throughout the ventral abdomen.Case 2Haematology revealed a mild non-regenerative anaemia and stress leukogram. Biochemistry revealed a moderately low albumin at 15.5 g/L (ref. 26-35), elevated ALT 114 U/l (ref. 21-102), and AP 645 U/l (ref. 20-60). Bile acids and bilirubin concentration were within the normal range. Cholesterol and triglycerides were elevated at 17.6 mmol/l (3.8-7) and 5.33 mmol/l (0.57-1.14) respectively. The patient was anaesthetised and underwent a pre and post contrast CT scan of the thorax and abdomen with a 64-slice helical scanner (Siemens SOMATOM Definition AS) at 80 kVp, 140 mAs, 2 mm slice collimation, and a collimator pitch of 0.8. The dog was positioned in ventral recumbency. Post contrast images were run one minute after intravenous administration of Iopamidol (Niopam™ 340) contrast media with an iodine dose of 700mg/kg. Images were reconstructed using high (proprietary term B70f) and low (proprietary term I40f, B60f) frequency image reconstruction kernels for bone, lung and soft tissue respectively. The quadrate lobe of the liver was moderately enlarged, poorly contrast-enhancing and heterogeneous, with numerous fluid-filled cavitations throughout the parenchyma. The gallbladder was mildly distended by content of centrally increased density (55 HU pre and post contrast) and peripherally normal density (25 HU) with numerous suspended mineral dense (pre and post contrast) concretions up to 4mm in diameter. A defect was present in the caudodorsal gallbladder wall, with outpouching of an ovoid structure containing fluid of 25 HU and a small internal gas bubble just dorsal to the quadrate lobe (Fig 2). The common bile duct was uniformly distended up to 5mm along its entire length. The hepatic lymph nodes were moderately enlarged. Multiple free gas bubbles and a small volume of free fluid (20 HU pre and post contrast) were present throughout the peritoneal cavity. An abdominal ultrasound examination was performed to further corroborate the CT findings. The quadrate lobe of the liver was diffusely hypoechoic, with lobulated margins and poor vascular flow evidenced by reduced colour Doppler signal. The gallbladder wall was moderately, diffusely thickened and hypoechoic. Within the lumen there was a hyperechoic ‘stellate’ structure with radiating bands on a hypoechoic background alongside a few hyperechoic foci creating distal acoustic shadowing. Caudodorsally adjacent to the gallbladder there was a hypoechoic structure surrounded by poorly defined, heterogeneous soft tissue which corresponded to the outpouching described on CT, however a discrete defect in the gallbladder wall was not identified. Markedly hyperechoic mesenteric fat was present throughout the entire abdomen, as well as small pockets of free gas and fluid. 
DIFFERENTIAL DIAGNOSIS If relevant




TREATMENT If relevant 
Case 1An exploratory coeliotomy was performed. The gallbladder was found to be markedly distended, and ruptured at multiple sites. A biliary mucocele was identified within the lumen, consistent with the intraluminal material identified on CT. Adhesions were present between the liver and the abdominal wall, gentle dissection through which lead to identification of thick, gelatinous bile around the liver parenchyma. Free peritoneal fluid was present throughout the abdomen. A duodenotomy was performed to access the major duodenal papilla, and the common bile duct was flushed in a retrograde fashion to remove choleliths and ensure patency. A cholecystectomy was performed and a hepatic biopsy taken. The abdomen was lavaged with copious volumes of saline and a Jackson-Pratt drain was placed before closure. The dog was recovered from anaesthesia and continued on intravenous fluid therapy, analgesics, prokinetics, gastroprotectants, and broad spectrum antibiotics.Case 2An exploratory coeliotomy was performed. A fibrous mass was identified which was adhered to the ventral abdominal wall, adjacent liver lobes, omentum and stomach. Following blunt dissection the mass was found to contain the gallbladder, quadrate lobe and encapsulated purulent exudate. The quadrate lobe was abscessated, consistent with the CT findings. The gallbladder was ruptured at two separate sites and contained a mucocele and multiple choleliths which were obstructing the cystic duct. A duodenotomy was performed. A catheter was passed through the major duodenal papilla into the common bile duct and profusely flushed to clear the duct of choleliths. A quadrate lobectomy and en-bloc resection of the abscessated tissues was performed with a stapling device. A cholecystectomy was performed, and the abdomen was copiously lavaged before closure. The dog was recovered from general anaesthesia and continued on intravenous fluid therapy, analgesics, broad spectrum antibiotics, antiemetics, gastroprotectants, ursodeoxycholic acid, and nutritional support via an oesophagostomy tube.
OUTCOME AND FOLLOW-UP  
Case 1The dog made steady progress post-operatively, and was discharged after five days in hospital. An update from the referring veterinary service two months later confirmed the dog was back to normal, with a good appetite and had gained weight. Histopathology of the gallbladder confirmed a severe, segmental, ulcerative cholecystitis and mucocele. The liver tissue exhibited pressure atrophy and vacuolar change adjacent to the gallbladder. Tissue from the peritoneum was consistent with a fibrinosuppurative peritonitis. Case 2The dog made steady progress post-operatively, and was discharged after eight days on long term ursodeoxycholic acid to prevent the formation of further choleliths. An update from the referring veterinary service one month later confirmed that the dog was doing well, and biochemical parameters were markedly improved.Histopathology revealed severe, acute to subacute, diffuse, necrotising, suppurative and fibrinous cholecystitis with mucocele and mixed bacterial infection including Clostridia. There was also a severe, subacute, multifocal to locally extensive, suppurative hepatitis and cholangiohepatitis, with multifocal abscessation.
DISCUSSION Include a very brief review of similar published cases 
At present, the first-line imaging tool for the assessment of gallbladder diseases in dogs is conventional ultrasonography (Aguirre and others 2007, Amsellem and others 2006, Holt and others 2004, Pike and others 2004). Clinical management of these patients is based on characterisation of the identified pathology, therefore accuracy is crucial to patient survival. Gallbladder wall necrosis and rupture can be difficult to detect using conventional ultrasonography (Crews and others 2009, Worley and others 2004). Thorough inspection of gallbladder wall integrity can be impeded by pericholecystic fat swelling (Choi and others 2013). A small study in humans reported a sensitivity of 70% (Sood and others 2002). A recent study by Bargellini and others (2016) investigated the use of contrast-enhanced ultrasound in the detection of gallbladder necrosis and rupture in dogs. Necrosis or rupture was identified as a focal lack of enhancement of the gallbladder wall. The study found that contrast-enhanced ultrasound was significantly more accurate than its conventional counterpart, which is in agreement with human studies (Tang and others 2013, Sagrini and others 2016). Both cases described in this report benefited from the use of computed tomography. In case one, CT images were acquired in order to further characterise an ambiguous cranial abdominal mass identified at ultrasound. CT images successfully confirmed this mass to be arising within the gallbladder, and identified a breach in the gallbladder wall and outpouching of biliary content between liver lobes thereby providing more detailed and definitive information about the nature of the pathology. In case two, CT images were acquired first due to the possibility of neoplastic disease and the ability to gain information about both the thorax and abdomen with one modality. The CT study similarly identified hyperattenuating biliary content, and a defect in the gallbladder wall with leakage of encapsulated bile. Ultrasonography failed to identify the site of gallbladder rupture, however did aid in confirming the presence of a mucocele, which was less distinguishable on the CT images. A puzzling feature of case one was the lack of biliary content identified in the peritoneal fluid sample. The extravasated biliary fluid was localised to the cranial abdomen, between liver lobes, therefore the obtained sample likely represented a distant reactive peritoneal effusion. Another perplexing finding was the high attenuation value of the more caudally located peritoneal fluid (40 HU) which is indicative of an exudate, whilst the sample was consistent with a transudate. Sampling however was performed the day prior to CT, therefore peritonitis likely progressed and thus this attenuation cannot be ascribed.Bile is typically hypoattenuating to liver parenchyma on pre and post-contrast images, however attenuation values vary dependant on the density of the biliary content (Rossi and others 2011). High density material collects in the dependent portion of the gallbladder. Biliary excretion CT is not well described in the veterinary literature. Both iodine-based and gadolinium-based contrast media have a biliary excretion fraction which can be visualised approximately 30-60 minutes post intravenous administration (Rossi and others 2011). Ideally, a plain survey CT is run first to allow differentiation between contrast enhanced and non-contrast enhanced bile. In case one, a plain survey was unfortunately not run which somewhat limited the image interpretation. Partially mineralised bile should, in theory, gravitate dependently. The hyperattenuating material within the gallbladder and the outpouching was located dorsally and non-dependently, which led the authors to conclude that this most likely represented contrast-enhanced bile.Preoperative diagnosis of gallbladder perforation in humans is difficult, with many cases only diagnosed at surgery (Ong and others 1991). In human studies, CT has been found to be superior to ultrasound for diagnosis of perforation (Mocharla and others 1997, Kim and others 1994). Although further validation is required, the authors propose that CT may be useful as a first or second-line diagnostic modality in suspected cases of gallbladder pathology to aid in timely surgical intervention and improved management of veterinary patients.
LEARNING POINTS/TAKE HOME MESSAGES 3 to 5 bullet points – this is a required field
- Gallbladder rupture is uncommon in dogs, and can be associated with an expanding mucocele- Conventional ultrasound is not always diagnostic for gallbladder necrosis and rupture- Computed tomography may provide additional information which can aid in timely surgical intervention
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